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Project!Rui-isY-was t h e  second nuc lea r  experiment conducted j o i n t l y  by 

t h e  U. S. Government and p r i v a t e  i n d u s t r y  t o  i n v e s t i g a t e  t h e  f e a s i b i l i t y  of 

us ing  nuc lea r  exp&tb&?s t o  s t i m u l a t e  product ion  of n a t u r a l  g a s  f rom a low- 

permeabi l i ty  gas-bearinggf ormation by producing a zone of f r a c t u r e d  rock  and a 

t D ' i  

_ -  11 chimney" of rock rubbleg I 1  around and above t h e  de tona t ion  po in t .  The v o i d  spaces  
U 

thus  produced provideda reservqiq i n t o  which t h e  n a t u r a l  g a s s f l o w .  A 

Y Lcrhs 
s t anda rd  gas w e l l s  then dr i l r led t o  t h e  chimney, a l lowing recovery of  t h e  gas .  

Th i s  technique w a s  shown t o  b e m c c e s s f u l  i n  t h e  f i r s t  such expe r imen t ,  P r o j e c t  

Gasbuggy, conducted by t h e  U. S. Gov nment and E l  Paso Na tu ra l  Gas Company 

(') P r o j e c t  Ru l i son  w a s  conducted nea r  Farmington, New Mexico, i n  Dec mbsr  1967. 

by t h e  U. S .  Atomic Energy Commission, DepSZtment of I n t e r i o r ,  and A u s t r a l  O i l  

Company near  Grand Val ley ,  Colorado. The n u d e a r  dev ice  was d e t o n a t e d  a t  a 

I -  

T 
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depth  of 2570 meters below t h e  ground s u r f a c e  -) i n  September 1969,  and chimney 

?<"" 

re-entry and product ion  t e s t i n g  of t h e  test w e l l  extended from A p r i l  1970 

through A p r i l  1971. D 
In  accordance w i t h  a Memorandum of t h e  U. S .  P u b l i c  

I Health Service and U. S. A t o m i c  Energy Commission "he Western Envi ronmenta l  

Research Laboratory (formerly t h e  Southwestern Radio logica l  1 1  H e a l t h  Labora to ry  
I I  

of the  Pub l i c  Heal th  Serv ice)*  conducted an o f f - s i t e  ra!dhological s u r v e i l l a n c e  
program f o r  t h e  de tona t ion  &-+ re -en t ry ,  and product ion  t e s t i n g  i% phases  of t h e  

t o  t h e  environment. (2s3) Re-entry ope ra t ions  t o  d r i l l  a w e l l  

,I\ I =  p r o j e c t .  The de tona t ion  phase w a s  completed w i t h  no release of  r a d i o a c t i v i t y  
Lzz2 

rubble  and f r a c t u r e d  rock near  t h e  de tona t ion  p o i n t  began i n  

* 
Re-named t h e  Western Environmental Research Laboratory on May 21,  1 9 7 1  fo l lowing  

i ts  t r a n s f e r  from t h e  PublLc Heal th  s e r v i c e  t o  t h e  Environmental  P r o t e c t i o n  

Agency on December 2 ,  1970. 
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the  time the  area of broken rock was reached i n  J u l y ,  most of t h e  gaseous 

r a d i o a c t i v i t y  o r i g i n a l l y  produced by t h e  de tona t ion  had decayed t o  

nucl ides .  Essen t i a l ly  a l l  of t h e  non-gaseous r a d i o a c t i v i t y  was expected t o  

have been trapped i n  t h e  s o l i d i f i e d  rock which melted dur ing  d e t o n a t i o n ,  o r  

on the1 chimney debr i s .  Consequently, t r i t i u m  and krypton-85 were t h e  two 

r e m a i n w a d i o n u c l i d e s  of primary i n t e r e s t  expected t o  be r e l e a s e d  t o  t h e  

environment s p r r t  of t he  n a t u r a l  gas  t h a t  was t o  be  burned, o r  " f l a r e d " ,  

a t  t he  su r face  ?during product ion flow tests 

t h a t  a f t e r  b u r n i n g , F y , t r i t i u m  present  would be i n  t h e  form of water vapor .  

0 
u s t a b l e  

7 I1 
I f  

h e  t es t  w e l l .  It w a s  -4- 
An& 
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The of f - s i t e  sqrv$$llance t i  program w a s  -?&designed t o  monitor t he  

environment f o r  t h e s e  radigonuclides i n  p a r t i c u l a r .  

designed t o  monitor  f o r  &rbon-14 and o t h e r  r a d i o a c t i v e  products  t h a t  might 

atmospheric mois ture  f o r  t r i t i m b a n a l y s i s  n and p u b l i c  

h e a l t h  s i g n i f i c a n c e  expected fgr tke r e l e a s e d  t r i t i u m  

The program was a l s o  

p-- 
be  r e l eased  from t h e  test  i 7 Z l ~ .  Because of t h e  

1-t? \ . .  
,& was chosen as t h e  rad ionucl ide  f o r  rme air  s u r v e i l l a n c e .  N e t  

concent ra t ions  could be es t imated  f r o  "met tritium concent ra t ions  

measured r a t i o  of t he  two gases  a t  t h e  wel);Z>gad. I n  a d d i t i o n ,  t r i t i u m  would 

be the  only rad ionucl ide  expected i n  other \zpvironmental  samples. This  paper  

r e p o r t s  t h e  procedures  and r e s u l t s  of t h e  o.f$>site t r i t i u m  monitor ing program 

conducted du r ing  t h e  re-entry and product ion  t e s c i n g  phases by t h e  Western 

L\ 
CTY 

t ru.  
yx ?l 

n 
I 1  

Environmental Research Laboratory.  

Background. 

11 
Ls 

6 4  k i lome te r s  n o r t h e a s t  of Grand Junc t ion ,  Colorado. 

%populat ion 300) is t e n  k i lome te r s  northwest  of t h e  si te along t h e  Colorado 

River. 

about one hundred meters from t h e  test w e l l  t o  burn  t h e  n a t u r a l  gas  released 

dur ing  re-entry and product ion  t e s t i n g  o p e r a t i o n s .  

e l e v a t i o n  of 2 , 4 8 0  meters above mean sea l e v e l  i n  t h e  upper end of Bat t lement  

Creek v a l l e y .  Battlement Creek is one of several streams d r a i n i w - d t h e  s l o p e s  

The P r o j e c t  Rulison test  w e l l  is  l o c a t e d  i n  a mountain v a l l e y  approximately 
[ I  - 
The n e a r e s t  community&.& ut& 
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'1  
F igure  1 shows a map of t h e  area. A 27.4 meter f l a r e  s t a c k  w a s  e r e c t e d  

l k  
The well-head-is a t  an 

I L ]  r)) 
. . 1  
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of Battlement Mesa, a 3,290 meter f la t - topped mountain. Battlement Creek has  

no flowing t r i b u t a r i e s  and o r i g i n a t e s  from seve ra l  ponds and r e s e r v o i r s  on 

top  of Battlement Mesa, t h r e e  t o  f i v e  ki lometers  southeas t  of t h e  p r o j e c t  site. 
The stream then  flows w i t h i n  one hundred meters of t h e  well-head, and cont inues 

northwest  where it e m p t i e s  i n t o  t h e  Colorado River a t  an e l e v a t i o n  of 1,570 fd I? 

the town o f  Grand Valley.  About f i v e  ki lometers  downstream from 

the well-head eaz t h e  Old Con t ro l  Point  Pad (used as an opera t ions  cen te r  f o r  

t h e  detonat ionxphase) ,  the c r e e k  leaves  the  v a l l e y  and crosses  an a l l u v i a l  fan 
.area known as-+lor-risania Mesa. 

!-7\ I1 
r 1  

Severa l  across  Morrisania Mesa, many of which use 

Bat t lement  Creek f o r  i r r i r g a t i o n  and f i l l i n g  domestic water s u p p l y - c i s t e r n s .  

The Clem Ranch, l o c a t e d  n e a r  t h e  mouth of Battlement Creek v a l l e y ,  is t h e  

n e a r e s t  ranch to the test-we-I-1, and served as one of t h e  primary s u r v e i l l a n c e  

s t a t i o n s  i n  t he  area. 

are un inhab i t ed  except  fo r  occ&i-oefl hunters ,  fishermen, and ranchers  tending  

s tock .  The Colorado River and i t s  trmtaries d r a i n  the  no r th  s i d e - o f  Bat t le -  

ment Mesa, wh i l e  P l a t e a u  Creek and its-tributaries d r a i n  the  southern side, 

e v e n t u a l l y  emptying i n t o  t h e  Co1orado"River about 35 ki lometers  downstream 

from Grand Valley.  

S i l t ,  Co l lb ran ,  P l a t e a u  C i t y ,  and Mesa arT.:,ated along these  two waterways. 

I I  
1 1"- 

I"' 

B a t t l e m e i k k r e e k  va l l ey  and Battlement Mesa mountain / /A\  

,. v -2  
F-Jj 

fi3 
----I) 

Various ranches and t q e q m m u n i t i e s  of Grand Val ley,  R i f l e ,  

\ i ~  
r\$he predominant wind d i r e c t i o n  across  - the  Mesa area i s  toward 

' - 9D> the n o r t h e a s t .  Occasional winds 

d i r e c t i o n s  are r e l a t i v e l y  rare. (4) - a 
r7  terrain and o t h e r  f a c t o r s ,  such  as temperature invers ions  and noc turna l  cool ing .  

The  predominant wind c o n d i t i o n s  i n  the  v i c i n i t y  of t he  I '  test-well were of par- - Lf 
t i c u l a r  importance i n  terms of where t h e  plume from.the 

the Bat t lement  Creek v a l l e y ,  a l lowing t h e  plume t o  rise 

2,700 t o  3,000 meter r i d g e s  immediately east and 

From t h e r e ,  the  plume remained pr imar i ly  under t h e  

s t a c k  would 

be car r ied . .  -The predominant  day-time condi t ion  involved 

l e v e l s ,  a l though vertical mixing t o  lower a l t i t u d e s  occurred under some condi- 

tions. Plume travel t o  the nearest pqpulated l o c a t i o n  under t h e s e  cond i t ions  

w a s  u s u a l l y  16 k i l o m e t e r s  o r  more. Nocturnal flow under cloudy sky condi t ions  

(usua l ly  remained "up-slope" under t h e  in f luence  of p reva i l i ng  winds. With c l e a r  
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a n w E u r n a  down-slope or  "drainage" w i  d i n  t e B a t t l  ment sky condi t ions ,  

Creek v a l l e y  was commob.*r t h e s e  c o n d i t i o n s ,  a po r t ion  of t h e  plume would 
be c a r r i e d  down t h e  v a l l e y  t o  t h e  Morr i san ia  Mesa area, wh i l e  a n o t h e r  p o r t i o n  

would rise through t h e  d r a i n a g e  wind l a y e r  t o  h ighe r  a l t i t u d e s  and be  c a r r i e d  

t o  thX emt.  

t.,du?-*At m- f . &ia.A-Ai+& ' L 3 p  

The r e l a t i v e  amounts of plume material c a r r i e d  down-slope o r  
these c o n d i t i o n s  depended upon several f a c t o r s ,  i n c l u d i n g  t h e  

the depth  and i n t e n s i t y  of any temperature i n v e r s i o n ,  "dra inage"  

land h ighe r  a l t i t u d e  wind d i r e c t i o n  and speed. 

D r i l l i n g  o p e a s  began on 'April  28,  1970 t o  "re-enter" t h e  area of 
t i  broken rock and e t a b M s h  a w e l l  so  gas  product ion  tests could be conducted. 

'The i n i t i a l  phase of thi-s o p e r a t i o n  invo ved r e - d r i l l i n g  an e x p l o r a t o r y  w e l l  
LL9 

Lice 
R 1 1  & 

L-T 
n 

l o c a t e d  about one hundred meters from t h e  emplacement w e l l ,  -+e 

w. Affzeg-re-drilling to  a depth  of 1,980 meters, t h e  tes t  

w e l l  w a s  d r i l l e d  a t  an angle oa&culated t o  i n t e r c e p t  t h e  rubb le  chimney s l i g h t l y  

above t h e  de tona t ion  p o i n t .  
l I J t  

used t o  a s s u r e  no gas was r e l e a s e d  

&pec&al d r i l l i n g  equipment and t echn iques  w e r e  

w e l l  dur ing  d r i l l i n g  o p e r a t i o n s .  

Once t h e  area of broken rock t h e  w e l l  was connected t o  

v a r i o u s  water and d r i l l i n g  mud on $he su r face .  The m a t e r i a l  
thus  c o l l e c t e d  from t h e  gas  w a s  s t o r e d  i n k k s .  *&disposal.- - 

r\ 

The g a s  stream 

sampl ing  and w a s  monitored f o r  r a d i o a c t i v i t y  

monitoring systems b e f o r e  burned  i n  

the  atmosphere. A s  water c i r c u i t s ,  

i t  w a s  p e r i o d i c a l l y  
I 

II i I  I 

on J u l y  28, 1970, and t h e  f i r s t  gas  release The test w e l l  wasA- 
cm.#-Q=Jl 

Li 
occur red  on August 1. 

t h e r e a f t e r  t o  determine plume t r a j e c t o r i e s ,  d i s p e r s i o n  parameters ,  and of  f - s i t e  

Seve ra l  s h o r t  " c a l i b r a t i o n  flaring'-ns w e r e  s chedu led  IL 
r a d i o a c t i v i t y  concen t r a t ions  f o r  several gas  flow rates b e f o r e  1 %  f u l l - s c a l e  

product ion  t e s t i n g  began. Opera t iona l  problems were encountered when t h e  g a s  
l i n e s  became plugged w i t h  mud and rock  d e b r i s  from t h e  w e l l .  A)l&h~,ugh Fj t h e  

c a l i b r a t i o n  tests w e r e  consequently c u t  s h o r t  by t h i s  and o t h e r  d i f f i c u l t i e s ,  

s u f f i c i e n t  i n fo rma t ion  w a s  ga the red  to. i n d i c a t e  product ion  t e s t i n g  cou ld  proceed. 
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Following remedial  measures t o  re-open t h e  w e l l ,  p roduc t ion  test  f l a r i n g  

began i n  t h e  f a l l  of  1970. 

the end of p r o d u c t i o n . t e s t i n g  i n  A p r i l  1971 are summarized i n  Table  1. 

The v a r i o u s  f l a r i n g  o p e r a t i o n s  conducted through 

auyyuafY of Pro jec t  Rul i son  F l a r i n g  Operations 

Vnl l ime i . &-I- 

Gas 
Flared 

' End 
Flow Rate 

C a l i b r a t i o n  Te 

m *** \-> 
* /A\ 

MMCFD = M i l l i o n  Cubic F e e t  Per-; MMSCF = M i l l i o n  Standard Cubic Feet. * *\ 
Nine s h o r t  runs  up t o  8 hours  dura tdon .  

Three s h o r t  runs up t o  14 hours  d C e n .  

i i  
I I  

9 O p e r a t i o n a l  Procedures  
P-, 

The o f f - s i t e  envi ronmenta l  t r i t i u m  moni to r ing  program cons is ted  of t h r e e  

b a s i c  e f f o r t s .  

f i x e d  wing a i r c r a f t  , (2) s p e c i a l  i n t e n s i v e  a tmoshper ic  mois ture  sampling surveys 

d u r i n g  c a l i b r a t i o n  f l a r i n g  o p e r a t i o n s  and s e l e c t e d  p,er iods of t h e  long term 

f l a r i n g  o p e r a t i o n s ,  and (3) r e g u l a r  sampling of  air. 

t a t i o n ,  s o i l ,  c rops ,  animal t i s s u e ,  and u r i n e  th roughou t r the  re-entry and pro- 

d u c t i o n  t e s t i n g  per iod .  

f o r  a n a l y s i s ,  w i t h  t h e  e x c e p t i o n  o f  some stream and atmospheric  moisture  samples 

ana lyzed  a t  a temporary f i e l d  l a b o r a t o r y  i n  Grand J u n c t i o n ,  E l o r a d o  , dur ing  
I 4  

These w e r e  (1) aer ia l  p luqe  t r a c k i n g  and sampling using a WERL 

, 

E 
w a t e r ,  milk, n a t u r a l  vege- 

LJ- 

[ I  A l l  samples w e r e  r e t u r n e d  t o  t h e  WERL i n  Las Vegas 
I I  
F 

i n i t i a l  calibration f l a r i n g  runs .  

d a i l y  by commercial a i r  t r a n s p o r t a t i o n .  

r e t u r n e d  t o  L a s  Vegas immediately a f t e r  col lect ion on Laboratory a i r c r a f t .  

A n a l y t i c a l  d a t a  w e r e  t r a n s m i t t e d  t o  Colorado f o r  f i e l d  opera t ion  guidance and 

t o  P r o j e c t  Ru l i son  Open F i l e s  ma in ta ined  i n  L a s  Vegas, Denver, and B a r t l e s v i l l e ,  

Oklahoma, by the A t o m i c  Energy Commission f o r  d a t a  d i s semina t ion  t o  t h e  publ ic .  

Rout ine  samples  were shkbpet  t o  Las Vegas 
r-- Aerial  and o t h e r  s p e c i a t s a m p l e s  were 
I k\\ 
L J  

I 

Long-Term 

*, ." --, -, . ~ 

12/20/70 

11.5 4/23/71 0.9 

io0  

233 



6 

Aerial plume t racking and sampling w e r e  performed with a twin-engined 

Turbo-Beech a i r c r a f t .  

f l a r i n g  s t ack  were so low t h a t  g a m a  and be ta  de t ec to r s  could not  b e  used, 

plume t racking w a s  accomplished with a condensation nuc le i  monitoring i n s t r u -  

Since r i d i o a c t i v i t y  l e v e l s  i n  the  p l m e  from t h e  gas  

Environment/One Corporation of Schenectady , 
instrument,  which measured the airborne concen t r a t ion  / 

r e s u l t i n g  from burning of t he  n a t u r a l  gas ,  w a s  mounted , 
immediately behind an a i r  b a f f l e  a t  the  d ischarge  end 

New York. 

mounted i n  t h e  nose of the  a i r c r a f t ;  The instrument  

output  was fed t o r n i p  cha r t  rPcorder i n  the  eo-p i lo t ' s  instrument pane l ,  
1 1  providing the  c r e w f  with continuous information on plume t r a j e c t o r y ,  

s i z e ,  and dispersion.> Tqis information w a s  3 ' n  
I f  .-was radigqd t o  a ground cont ro l  center so  ground monitor ing 
I ""I personnel could b e  positi-oned t o  c o l l e c t  s a m p l e s  i n  the plume ground t r ack .  

P I  

Atmospheric moisture co l l ec t ed  from the  a i r c r a f t  sampling 

probes with a cryogenic sampling sy&Gaand a "grab" sampler.  

system col lec ted  an in tegra ted  sample*-ofi atmospheric moisture,  carbon d ioxide ,  

and noble gases over a 30-minute sampl'ing p iod while t h e  a i r c r a f t  c i r c l e d  

The cryogenic  e----. 
QJ.l 

L.23. 
o r  s p i r a l e d  i n  t he  plume.-  The cryogenic\&m?ler cons is t s  of a s e r i e s  of t r a p s  

submerged i n  l i q u i d  ni t rogen.  - m y )  Water vapor;-? frozen out i n  t h e  i n i t i a l  t r a p .  

'?Grab" samples we're obtained by gather ing ii gi r  from t h e  sampling probe i n  
u 

a one-cubic meter p l a s t i c  bag over a 30-second perdo+, and then pumping t h e  

air  through a cann i s t e r  containing 1000 grams of krnne type 13x molecular 

s i e v e  f o r  w a t e r  vapor and C02  c o l l e c t i o n ,  and then v- i n t o  a compressed air  b o t t l e .  

' c- 

n The b o t t l e d  a i r  and cryogenic sampler were returned t o  the Laboratory f o r  
ld. 

noble  gas a n a l y s i s  t o  obta in  f u r t h e r  information on r a d i o n u d i d e  concentrat ions 

i n  t h e  plume. 
s a m p l e r  were used to  determine t r i t i u m  and carbon-14 concenEbtions.  

t 
I & ^  

Water and C02 recovered from t h e  molecular siZve and cryogenic 

Por tab le  battery-powered a i r  samplers were used t o  collecf,vyospheric ij=9 
moifture  samples  a t  ground l e v e l  during t h e  s p e c i a l  surveys. 

t r ack ing  information,  monitoring personnel  drove t o  ground s t a t i o n s  a long  roads 

Based on a e r i a l  . 

\ 
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o r  were a i r l i f t e d  by he l i cop te r  t o  otherwise i n a c c e s s i b l e  areas i n  t h e  down- 

wind t r a j e c t o r i e e .  ,. The monitors were loca ted  a t  p redes igna ted  sampl ing  
--VI \ 

s t a t i o n s  and ca r r i ed  po r t ab le  two-way r ad ios  t o  rece ive .  i n s t ruc t ions -  5 
eampling timee and pos i t i on  changes. The p o r t a b l e  sampler  c o n s i s t e d  of a 

,Pie 
Sears, RoebPbck and Co 8 automobile vacuum c leane r  powered by a 12-vol t  automo- fi I I  bile b a t m .  
f i r s t  paesedr t  rough a 10.2 cm 

l a t e e ,  and the  

the  moisture .  $3ampling t i m e  was con t ro l l ed  t o  collect between 10 and 20 m l  

of water , based on 

ments were made w i t h  92' 5gi:psychrometetsr ~ Airborne c o n c e n t r a t i o n s  of t r i t i u m  

were based on t h e  sample Tiohme, t r i t i u m  concen t r a t ion  in water vapor ,  and 

c a l c u l a t e d  abso lu te  humidi ' L  y u n t i l  win ter  weather reduced t h e  r e l i a b i l i t y  of 

s l i n g  psychrometer measuremen'ts: Af te r  t h a t  , t o t a l  water c o l l e c t e d  w a s  used  

t o  de te rmine  absolu te  humidity. a t t e r y  powered compressors and a t r u c k  

mounted cryogenic  sampler were STSD used t o  c o l l e c t  air samples f o r  t r i t i u m  

and n o b l e  gas ana lys i s .  

r e p r e s e n t a t i v e  molecular s i eve  and cryogenic samplers .  

A i r  flow was measured by a Rockwell d r y  g a s  meter. \ A i r  w a s  
U 

diameter g l a s s  f i b e r  f i l t e r  t o  remove p a r t i c u -  &i  / 
U't\l I 

5.3 

yassed through a 300 gram molecular s i e v e  c a n n i s t e r  t o  remove 

ca l cu la t ions  of a b s o l u t e  humidi ty .  Humidity measure- 

1 LT 

\\- 
w 

Pl 
Carbon-14 a n a d s  w a s  performed on the C02 from 

Continuous c o l l e c t i o n  of atmospheric du r ing  f l a r i n g  p e r i o d s  w a s  

accomplished a t  seven f ixed  monitoring popu la t ed  l o c a t i o n s  i h  the 

v i c i n i t y  of  the  test w e l l  (shown i n  'Figure 1 ) .  

o u t s i d e  of t h e  shed, and then through a cann&s-ter c o n t a i n i n g  700 grams 

up t o  house the  samplers.' A i r  w a s  drawn through a p a r t i c u l a t e  filter-- 

%tal s t o r a g e  s h e d s  w e r e  se t  

1 rJ 
G \ -' 

, 

of molecular s i e v e  f o r  water co l lec t ion . ,The  s a m p l e r o p e r a t e d  f o r  48-hour , 

p e r i o d s  at an average flow rate of 3 lpm, c o n t r o l l e d  by a l i m i t i n g  o r i f i c e . ,  
- -  ?- 

0 - Q 
' The t o t a l  volume of a i r  sampled each per iod w a s  c a l c u l a a e d  from the f l o w  

I f  
r a t e  and ope ra t ing  t i m e .  7 Absolute humidity w a s  determideid from t h e  total-  
volume o f  w a t e r  co l lec ted .  3 

LA 

During t h e  i n i t i a l  f l a r i n g  ope ra t ions ,  a d e h u m i d i f i e r  h-! un& developed by 
r a  

the  Eastern Environmental Radiat ion Laboratory ( f o r m e r l y  t h e  Soueheas t e rn  

Rad io log ica l  Health Laboratory of t h e  Publ ic  Heal th  S e r v i c e )  wasLa30 o p e r a t e d  

a t  each  s t a t i o n  t o  c o l l e c t  atmospheric moisture  samples  which w e r e  t h e n  

counted for tritium wi th  a s p e c i a l  s c i n t i l l a t i o n  f low c e l l  u n i t  a t  the Grand 

Junc t ion  f i e l d  labora tory .  

Ip P i  

This provided a mekns of  c o l l e c t i n g  a moi s tu re  
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sample a t  any given t i m e  f o r  a r a p i d  assessment of  a tmospher ic  t r i t i u m  

concen t r a t ions .  D a i l y  water s a m p l e s  from Battlement Creek w e r e  a l s o  

counted in t h i s  manner du r ing  i n i t i a l  f l a r i n g  ope ra t ions .  

and humidity d a t a  a t  each  s t a t i o n  was recorded  con t inuous ly  

l o c a t e d  i n  a s t anda rd  me teo ro log ica l  i n s t rumen t  

Absolute humidity c a l c u l a t e d  from d a t a  p rov ided  

w a s  used w i t h  count ing  d a t a  from t h e  dehumi- 

d i f i e r  t o  determine la,t!&bpheric tritium c o n c e n t r a t i o n s  i f  any p o s i t i v e  samples 

t h r e e  meters f r o m  t h e  sheds  housing t h e  v a r i o u s  ) 

n 
w e r e  ob ta ined .  K4 n P r e c i p i t a t i o n  c o l l e c t o r s  w e r e  provided a t  each of t h e  seven  f i x e d  sampling 

I -a s t a t i o n s ,  and p o r t a b l e  preci 'p'ktation c o l l e c t o r s  w e r e  deployed by f i e l d  per- 

sonne l  a t  o t h e r  l o c a t i o n s  as c o n . i t f o n s  6h7 d i c t a t e d .  Funnels w i t h  an  open area 
l M  i of 530 cm2 were p laced  on t h e  si&pl?&g shed roof-tops f o r  p r e c i p i t a t i o n  c o l l e c -  

t i o n .  

t h e  shed. P o r t a b l e  samplers c o n s i s t e d  o p l a s t i c  s h e e t s  he ld  0.3 m e t e r  above 

t h e  ground on a one-by-one-meter frame. "Wat/ezr;\llected i n  t h i s  manner was 

P r e c i p i t a t i o n  was rou ted  from c m ? n n e l  t o  a graduated  c y l i n d e r  i n s i d e  e--.\ 
Q-3, 

d r a i n e d  i n t b  a c o n t a i n e r  f o r  shipment t o  the&*oratory. fTu Several snow samples 

w e r e  c o l l e c t e d  wi th  t h i s  dev ice ,  and many 0 a i ) ' g r a b ' '  snow samples w e r e  col- 

l e c t e d ,  d u r i n g  t h e  w i n t e r  f l a r i n g  o p e r a t i o n s .  

Continuous water samp1es)were c o l l e c t e d  from two-&ations on Ba t t l emen t  le 
if- 

Creek w i t h  battery-powered B r a i l s f o r d  and Co. automati-qsamplers.  One sampler  

w a s  l o c a t e d  about,100 meters downstream from t h e  t e s k - w e l l ,  and t h e  second 

a b o u t i f i v e  k i l o m e t e r s  downstream, n e a r  t h e  mouth o f  Battlement Creek v a l l e y  

and just.- the f i r s t  wi thdrawal  p o i n t  f o r  domest ic  water s u p p l i e s .  

Dai ly  3.8 liter samples w e r e  c o l l e c t e d  i n  t h i s  manner u n t i l  Orcaber 7 ,  1970, 

P 

* LJ 
y54?eLS*.- q - . ?  i I  

when t h e  samplers  _ _  had t o  b e  removed due t o  f r e e z i n g  weather [E A f t e r  t h a t ,  a 

d a i l y  grab sample w a s  c o l l e c t e d  a t  t h e  l o w e r  s t a t i o n  dur ing  L L  €4-aring o p e r a t i o n s .  rm 
A l l  o t h e r  w a t e r  sampling s t a t i o n s  w e r e  sampled on a monthly b c w u l e .  - The 

sampling s t a t i o n s  inc luded  the  fo l lowing  t y p e s  of s u p p l i e s .  
d 

10 streams 4 s p r i n g s  
4 r e s e r v o i r s  15  munic ipa l  s u p p l i e s  

6 w e l l s  
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Spec ia l  a tmospheric  mois ture  samples c o l l e c t e d  w i t h  dehumidi f ie rs  and 

port ions of t h e  Battlement Creek samples c o l l e c t e d  d u r i n g  t h e  e a r l y  f l a r i n g  

operat ions were counted on a s p e c i a l  s c i n t i l l a t i o n  sys tem a t  t h e  Grand Junct ion 

f i e l d  labora tory .  

reported b y :  Burt  and Gibson. (5) 
This system w a s  developed a t  t h e  WERL on t h e  b a s i s  of work . * >  

A s p i r a l  flow cel l  f i l l e d  w i t h  anthracene 

a b l e  c o n c e n t r a t i o n  of t r i t i u m  w a s  

provided a wide margi3;of s a f e t y  as a r a p i d  a n a l y s i s  t o o l  f o r  pub l i c  p ro tec t ion .  

With normal a b s o l u t e  hum t i e s  of less than 5 m l  water p e r  cubic  meter of  a i r ,  

a d e t e c t i o n  l i m i t  of les an 3,000 pCi/m w a s  p rovided ,  compared t o  t h e  

allowable exposure t o  a 

y e a r ,  of 67,000 pCi/m . A sati  

f o r  s u r f a c e  water w i t h  an all04 

3 

a b l e s a m p l e  of t h e  popu la t ion ,  averaged over  a 
I 

3 ' 4a 

'c tory margin of s a f e t y  w a s  Erovided, a l s o ,  

e c o n c e n t r a t i o n  of 1 ,OOO,,& averaged over 
P /& 

a year .  

i , 7  

Resul t s  of  t r i t i u m  a n a l y s i s  p e r f o  ed<*,in-.Grand Junct ion  were a v a i l a b l e  
:' ;--+.,.:; 

,...?. '?: !j 
t he  day the sample w a s  c o l l e c t e d .  

by Telecopier  t o  Las,  Vegas on a d a i l y  b a s i 2  fo+ i n c l u s i o n  , i n t o  the  P r o j e c t  

A l l  d a ~ s 7 ' ; a n d  work s h e e t s  were t r ansmi t t ed  

. . .... 

.I :, 

Rulison Open F i l e s .  2 !I 
'!i 
j !i 
i.:d. : 

. R e s u l t s  

Samples of  a tmospher ic  moi s tu re ,  water, milk, ,  c i p i t a t i o n ,  n a t u r a l  
I i! 

v ege ta t ion ,  s o i l  

p r i o r  t o  any release o f  gas  and analyzed t o  de te rmine  t h e  background l e v e l s  

of t r i t i u m - f n  each  t y p e  of sample. The background sample resul ts  and t h e  

h ighes t  "above-background" ' r e s u l t s  a s s o c i a t e d  w i t h  f laringli.=operations . . .. ... ::_. are 

shown i n  Table  3. 

food c r o p s  bovine f e e d ,  an imal  'tissu,e:, and ur ine  w e r e  c o l l e c t e d  
,, . 

I . '  

I -..=ii. -._ 

; :: -i_ 1 

7.. .=:.. ij\ 
,: ;- .".I *, 
! I  1 , : .  



a 3 -. Environmental Levels f o r  H i n  t h e  P r o j e c t  Rulison Area 

Background Range Highest Above-Background Result 
Samp-le Type (pCfQ H p  H20) 

Atmosp her  $w Mo is tur e 0.5 - 2.6 59 

Water (s t ream) '  b:. 

Water (wel l )  
I C  .. 

~0.4* - 1.6 

~0.4 - 0.95 

c0 .4  - 1.4 
tm Water (spr ing)  

< *  
, 0' Water ( a l l )  , 50.4  - 1.6 

Milk. ' ~ 0 . 4  - 2 .1  

P r e c i p i t a t i o n  

Natura l  Vegetation 

S o i l  ( sur f  ace) 

Soil (15 c m  depth) 

Soil ( a l l )  

Food Crops 

Bovine Feed 

"- 

<0.4 .- 2.1 

None 

None 

None 

None 

None 

47 

2 1  

6.7 

None 

6.7 5 :  C O . 4  - 1.4 
\ 

0.42 -- 3.1 i None 

0.68 - 4.0 None 

Animal Tissue 0.62 - 1.5 180 

Urine co.4 - 1.1 None * 
I 

a 
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All samples c o l l e c t e d  by t h e  WERI, were c o l l e c t e d  o f f - s i t e  ( g r e a t e r  than 

180 meters from t h e  f l a r e - s t a c k )  except f o r  t i s s u e  from two porcupines which 

grazed d i r e c t l y  under t h e  f l a r e - s t a c k  f o r  s e v e r a l  days. 

porcupines  contained e l e v a t e d  l e v e l s  of t r i t i u m  as 

t i s s u e  w a t e r  were s t i l l  below t h  

Tissue from these  

4' c0c 
I 

t r i t i u m  i n  water  f o r  t h e  genera l  o f f - s i t e  populat ion 
1 wate r )  !1c 'A l l  o the r  animal t i s s u e  and blood samples c o l l e c t e d  

o p e r a t i o n s  contained background l e v e l s  of t r i t i u m .  

4 
A l l  samples water, food crops,Abovine feed- c o l l e c t e d  

I 
du r ing  and a f t e r  'operat ions a l s o  contained background l e v e l s  of 

tritium. Some samples o f  atmospheric  moisture ,  p r e c i p i t a t i o n  a t  r a l  vegeta- 

t i o n ,  and s o i l  c o l l e c t e d  5n t he  o f f - s i t e  area contained- of t r i t i u m  

greater than background, 

23kikw. 
/ a 5 k z & -  

These elevatedA- were observed i n  gene ra l ly  
I--\ 

i s o l a t e d  in s t ances  d u r i n g  f l a r i k b  ope ra t ions ,  and were not  observed a s  con- 
/ L A  \ 

t i n u i n g  e leva ted  levels of anrP/dur&ion, e i t h e r  during o r  a f t e r  a f l a r i n g  opera- 

The h ighes t  tritiupl,- i n  an'iitso 
P Gild 

d u r i n g  t h e  f l a r i n g  was 59 s€%hGt o 

This w a s  less than one p e r c e n t  of 

(6.7 x 10 pCi/m o f  a i r ) .  T h i s  

on top-  of Battlement Mesa dur ing  

4 3 

S l i g h t l y  elevated,- of 

a round ' the  f l a r e  s t a c k .  The h i g h e s t  l e v  

c o l l e c t e d  a t  a populated l o c a t i o n  w a s  11 

Thi s  is less than 0.1 p e r c e n t  of t h e  o f f  

a t  the  c l o s e s t  popu la t ion  l o c a t i o n  (about 5 f la re -s tack .  

S l i g h t l y  e leva ted  l e v e l s  of t r i t i u m  were a l s o  de t ec t ed  i n  

Val ley ,  R i f l e ,  and Collbran areas f o r  s h  

The h ighes t  tritium sample co l l ec t ed  dur ing  t h e  

f l a r i n g  opera t ion  w a s  47 a snow sample c o l l e c t e d  



about 0 . 2  kilometers from the  f la re -s tack  during a winter t ime f l a r i n g  

operat ion.  This is l e s s  than i v  percent of t he  off-site,,SiS for  t r i t i u m  

i n  water. The highest* 

CG 

n a p r e c i p i t a t i o n  sample co l l ec t ed  
d & 

-A 
from a populated l o c a t i o n  w a s  w a t e r  i n  a *ule co l l ec t ed  

T h i s A b o f  t r i t i u m  is only of the  f lare-s tack.  

than background, and is l e s s  than one percent  of t h e  o f f - s i t e  $ c (  

s a m p l e  co l lec ted  from the  top of Battlement Mesa immediately 

the  h g p e s t ,  tritium &ewe#- following a c a l i b r m n  n f l a r i n g  

&+detected i n  vegetaC.i_ot€? II 
L' 

T h i s  was 21 of water ,  o r  7.6-'1dC/kg w e t  weight. a- 
The highest  tritium 

sample w a s  

i n  a vege ta t ion  sample co i lec ted  a t  a 

populated loca t ion  of water ,  o r  1 .3  nCi/kg w e t  weight. This 

\ A  su r face  s o i l  sample 0.4 kilometers  northwest of the test w e 1  
f C A 4  

contained t h e  h ighes t  i n  soil of 6 . 7  of w a t e r . '  

The h ighes t  

l oca t ion  was 2.8  

sample c o l l e c t e d  a t  a populated 

Discussion ,) 

the  n a t u r a l  gas f l a r i n g  
I 

s t a c k  ind ica ted  a v a r i e t y  of plume t ra jec tor ieddand d i spe r s ion  pa t t e rns  could 

occur within a 24-hour period. ,Plumes va r i ed  from non d i spe r s ive  t y p e s  t h a t  

/ .  

r o s e  t o  an a l t i t u d e  of 3000 meters o r  more and didbnot ;c- d i spe r se  t o  ground l e v e l  
L.! 

when tracked f o r  30 ki lometers ,  t o  " s p l i t "  plumes where-some material  t r ave led  

a t  ground l e v e l  i n  downslope drainage wind while  t h e  remainder of the plume 

rose  through t h e  a s soc ia t ed  temperature invers ion  l aye r  '1 t o  b e  dispersed t o  

ground levei l a t e r  by v e r t i c a l  mixing,. 

I I  

Based on t h e  aeri!a-sracking information,  

numerous. environmental samples  were co l lec ted  during and Ifauqwing pd plume passage 

over populated and unpopulated downwind a reas  under varying m e r e F J o g i c a 1  

condi t ions.  The r e s u l t s  ind ica ted  short-term e leva ted  tritium concentrat ions 

occurred i n  some environmental media a t  widely s c a t t e r e d  locati-ons 

the  highest  levels w e r e  only s m a l l  f r ac t ions  of app l i cab le  annual =" recommenda- 

t i ons .  I n  addi t ion,  t hese  e leva ted  concentrat ions occurred f o r  very s h o r t  

I E; 
and t h a t  

CG 
b 
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per iods of t i m e  (u sua l ly  h o u r s ,  i n  t h e  c a s e  of a tmospheric  moisture) o r  

1 represented no s i g n i f i c a n t  l a r g e  scale source  of popula t ion  exposure ( i n  

~ 

. t he  case  of p r e c i p i t a t i o n ,  n a t u r a l  v e g e t a t i o n ,  and s o i l ) .  

f - l n  L E l e v a t e d  tritium c o n c e n t r a t i o n s  i n  a tmospheric  mois ture  were found t o  
1 1  f f  be  t h e  mgse l i k e l y  s o u r c e  (and p o s s i b l y  o n l y  sou rce )  of populat ion exposure; &- 

S l i g h t l y  elevater 

c i p i t a t i o n  v e r h f r o m  a few i s o l a t e d  samples  from s c a t t e r e d  l o c a t i o n s ,  and 

represented  no wide-spread contaminat ion  t h a t  could provide  a s i g n i f i c a n t  

source of exposure( pan. No con 'cent ra t ions  above background were obse rved  , 

i n  water, milk, food&Gps, o r  an imal  t i s s u e  (domest ic  l i v e s t o c k  o r  w i l d l i f e )  

-+ qM$&& L'a - 
c o n c e n t r a t i o n s  found i n  n a t u r a l  v e g e t a t i o n ,  s o i l ,  and pre-  ' 

th' fl 
1 1  \ J  

/- -\ 

t h a t  could b e  consumed The only e l e v a t e d  t r i t i u m  concen t r a t ions  found 

ex tens ive ly  on a t h a t  remained green w i t h i n  a few 

meters of the w i n t e r t i m e  f l a r i n g  o p e r a t i o n .  

This  patch gene ra t ed  by the  f l a r e ,  w h i l e  

* 
i n  animal t i s s u e  s m a l l  herbkvores  (porcupine)  t h a t  g razed  

a l l  o t h e r  vege ta t ion  w a s  dormant. 

w a s  probably p r i m a r i l y  due  I 

LJ 
t o  uptake from the "rain-out ' '  o f  moisture,which condensed from t h e  plume i n  

t h e  immediate s t a c k  v i c in i ty :  O the r  w i l d & e  samples  (such a s  deer  and e l k ;  
-@ \.A 

p1 -i\ I 

c o l l e c t e d  w i t h i n  s e v e r a l  k i l o m e t e r s  of th&-kfa$ing s t a c k  gave no i n d i c a t i o n  

of e l eva ted  tritium leve ls .  

Since t h i s  s u r v e i l l a n c e  showed t h a t  atmospheni-cmoisture w a s  t h e  o n l y  

source  of tritium exposure  t o  man, t h e  mon i to r ing  d Z t 3  from these  samples 

w e r e  used t o  estimate a p o s s i b l e  dose  from t h e  fla.&.ng operat ions.  

were prepared  f o r  each of t h e  cont inuous  moni tor ing  s t a tdons  opera ted  a t  

populated locations, - i n c l u d i n g  the one  n e a r e s t  t h e  test. w e l l  a t  t h e  mouth of  
Battlement Creek v a l l e y .  The ne t  ave rage  c o n c e n t r a t i o n s  S % Z S ~ F A ~ ~ - ~ ~  f o r  

each sampling- p e r i o d  w e r e  i n t e g r a t e d  over  t h e  r e s p e c t i v e  sampling p e r i o d s ,  

summed f o r  a l l  periodSj and then  conve r t ed  t o  dose  u s i n g  conversion pa rame te r s  

presented i n  ICRP-10. 

n 
It 
L) 

IF E s t i m a t e s  

IL-, 

I !----I 

_ _  - .-_ 

G=h These estimates showed t h e  maximum dqye $9 a r e s i d e n t  

i n ' t h e  P r o j e c t  Ru l i son  area from exposure  t o  tritium was less t i u d . 0 0 1  m r e m .  

Urine samples c o l l e c t e d  from r e s i d e n t s  s k w d  no measurable  exposure from 
S L W a  

Pro  j e c  k Rulison act i v i  t ies.. 
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e of t h e  more i n t e r e s t i n g  observations encountered du r ing  t h e  P r o j e c t  
program involved e l eva ted  t r i t i u m  levels i n  u r i n e  c o l l e c t e d  

from area-& identS as a r e s u l t  of wear ing  w r i s t  watches w i t h  t r i t i u m - a c t i v a t e d  
e. a 

luminous d i a  ?, 

l e c t e d  from t h r e e t i d e n t s  p r i o r  'to f l a r i n g  gas from t h e  test w e l l .  

sequent  s tudy  i6vO 

This Occurrence was fitst n o t i c e d  i n  background samples col- 
A sub- 

/ 
pg t hese  r e s i d e n t s  an$ two vo lun tee r  Labora tory  employees 

. i n d i c a t e d  t h e i r  w e r e  l o s i n g  t r i t i u m ,  and t h a t  when t h e i r  watches I were 

removed f o r  Seve 

When t h e  ind iv idua l8  res 
rose to t h e i r  o r i g i n a l  l e v e l .  

t i o n s  was d e t e c t e d  as a r e s u l  

t i o n s  ranging  up to  t e n  t i m e s  backg 

t r i t i a t e d  w r i s t  watches. 

watches ranged from 0 .2  t o  1.8 mrem.  

wearing t h e  watches,  u r i n e  t r i t i u m  c o n c e n t r a t i o n s  

' P r o j e c t  Rulfson f l a r i n g  o p e r a t i o n s ,  concent ra -  

were measured i n  persons  wear ing  

The estima.ted; average annual  dose t o  wearers of t h e  
The LZ@oratory i s  con t inu ing  i t s  i n v e s t i -  

g a t i o n  of this ques t ion ,  and d e t a i l s  of t h  

r e p o r t e d  soon. (4 7 1 
/ 

Summary 

A comprehensive environmental  t r i t i u m  s u r v e i l l a  program conducted by t h e  

Western Environmental Research Laboratory showed no 
environmental  t r i t i u m  c o n c e n t r a t i o n s  as a result  of product ion  t e s t i n g  o p e r a t i o n s  

f o r  P r o j e c t  Rulison. 

c r e a t e d  by a nuc lea r  exp los ion  produced short-term t r i t i u m  cpnc 

one t o  two orders of magnitude above background levels i n  atmosp-heric moi s tu re ,  

p r e c i p i t a t i o n ,  v e g e t a t i o n ,  and s o i l  samples c o l l e c t e d  nea r  t h e  

w e l l  and g a s  f l a r i n g  s tack .  

t h a t  g razed  ex tens ive ly  w i t h i n  a few meters of t h e  f l a r i n g  s t a c k  c 

nificant increase in 

I 
Re lease  of t r i t i a t e d  n a t u r a l  g a s  from a rubble  chimney 

trations from 

i Tissue  samples from two herbkvores (porcupine) 

i e l e v a t e d  tritium concen t r a t ions ,  w h i l e  a l l  o t h e r  animal t i s s u e  samples  showed 

on ly  background concent ra t ions .  

also showed no i n c r e a s e  i n  tritium concent ra t ions4  
t h e  maximum p o s t u l a t e d  dose from t r i t i u m  t o  a r e s i d e n t  i n  the area was less t h a n  

0.001 mrem.  

Water, food c rops ,  milk, and u r i n e  samples 
Dose stimates i n d i c a t e  
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